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Studies  on  the  Ecology  of  Feronia  oblongo  pun  data 
(F.)  (COLEOPTERA  :  CARABIDAE) 

By  Margaret  M.  Penney 
*  ( Zoology  Department,  University  of  Glasgow) 

‘Present  address:  Zoology  Department.  University  of  Liverpool. 


In  Britain  Feronia  oblongopunctata  (F.)  is  a  strictly  stenotopic 
woodland  species  and  is  only  locally  abundant.  On  the  Continent, 
however,  the  species  is  more  abundant  and  more  eurytopic;  it  has 
been  collected  in  spruce  clearings  and  meadows  in  Germany 
(F'ranzisket,  1964)  and  was  the  most  abundant  Carabid  present  in 
an  oak-mull,  an  oak-mor  and  a  Scots  pine  wood  studied  in  the 
Netherlands  (Van  der  Drift,  1959).  Lmdroth  (1945)  described 
the  species  as  an  ‘imago  hibernator’  and  caught  the  highest  num¬ 
bers  in  May  and  June  in  Sweden.  Larsson  (1939)  described  the 
species  as  a  ‘spring  breeder’  and  he  caught  the  highest  numbers 
in  April  and  September.  Van  der  Drift  (1959)  caught  most 
animals  in  April,  May  and  June.  All  this  information  is  based  on 
pitfall  trapping  the  adult  to  determine  the  activity  cycle ;  there  is 
little  known  about  any  other  aspect  of  the  ecology  of  the  species, 
about  the  larvae  in  particular.  There  has  been  no  work  published 
on  the  species  in  Britain  and  in  the  present  paper  the  life  cycle, 
activity  cycle,  fecundity  and  food  of  the  adult  were  studied  in 
south-west  Scotland. 

Some  observations  were  also  made  on  the  development  and 
habits  of  the  larva,  which  can  be  identified  from  the  nasale 
(Sharova,  1958).  In  relation  to  its  subterranean  habit  it  has  short 
legs,  small  eyes,  a  short  pygopodium,  non-articulated  urogomphi 
and  a  broad  head  (Sharova,  1959).  Thiele  (1961)  reared  the 
larva  to  maturity  in  the  laboratory. 

Methods 

The  adults  were  collected  by  pitfall  trapping  and  by  hand 
collecting  in  the  Rossdhu  estate  on  the  west  shore  of  Loch  Lomond 
(Penney,  1966)  and  on  the  Ross  Peninsula,  Rowardennan,  on  the 
east  shore  of  the  loch.  Both  are  areas  of  mixed  deciduous  wood¬ 
land  with  acid-mull  type  soil.  Pteridium  aquilinum  Kuhn,  grows 
profusely  in  both  areas  and  a  large  number  of  spruce  Picea  spp. 
have  recently  been  planted  on  the  Ross  Peninsula.  Ten  traps  were 
in  operation  throughout  the  period  of  study  at  Rossdhu  emptied 
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Fig.  1— Activity  cycle  of  the  adult  Feronia  oblong opunctata  at  Rossdhu 

and  on  the  Ross  Peninsula. 
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once  or  twice  weekly  in  summer  and  fortnightly  in  winter.  At 
Ross  Peninsula,  25  traps,  1  lb.  honey-jars,  were  in  use  between 
April  and  November  1964,  emptied  on  the  same  day  as  the 
Rossdhu  traps.  The  larvae,  never  caught  in  traps,  were  obtained 
by  desiccation  of  the  leaf  litter  using  the  extractor  developed  by 
Kempson,  Lloyd  and  Ghelardi  ( 1963).  The  trapping  results  gave  a 
measure  of  activity  and  by  the  regular  dissection  of  specimens 
information  was  also  obtained  on  the  life  history. 

For  observations  in  the  laboratory  on  the  number  of  eggs  laid 
and  the  length  of  the  egg  laying  period  the  adults  were  kept  in 
glass  tubes  4  cm.  in  diameter  and  10  cm.  long  with  moist  plaster 
of  Paris  at  the  bottom.  Filter  paper  was  added  in  which  the 
females  could  bury  their  eggs ;  but,  none  were  laid.  Dissection  of 
the  beetles  showed  that  eggs  were  being  developed,  then  resorbed, 
and  it  was  concluded  that  the  conditions  for  laying  rather  than 
the  diet  were  at  fault.  They  were  transferred  to  transparent 
plastic  boxes,  6-5  cm.  in  diameter  and  2-5  cm.  deep,  containing 
peat-moss;  large  numbers  of  eggs  were  then  laid.  Larvae  were 
isolated  immediately  they  hatched  to  prevent  cannibalism  and 
were  fed  on  aphids  and  Drosophila  larvae. 

The  Activity  and  Life  Cycle  of  Feronia  oblongopunctata 

Adults  of  Feronia  oblongopunctata  first  emerged  from  hiber¬ 
nation  in  early  April  (fig.  1);  mating  and  gonad  maturation 
followed  immediately.  All  males  were  mature  by  the  end  of  April 
and  about  this  time  the  first  females  containing  mature  eggs  were 
caught.  By  the  middle  of  May  the  activity  of  both  sexes  had 
reached  its  peak  and  all  the  females  contained  mature  or  develop¬ 
ing  eggs  (Table  1).  First  instar  larvae  were  obtained  in  litter 
samples  from  the  first  week  in  May  until  early  July.  Second  and 
third  instar  larvae  were  collected  in  the  field  from  before  the  end 
of  May  until  the  end  of  July.  On  the  24th  July,  1964,  a  third 
mstar  was  collected  in  the  pre-pupal  condition. 

Most  of  the  eggs  were  laid  by  early  June  and  then  activity 
began  to  decline.  Occasionally  spent  females  were  captured  with 
empty  oviducts,  corpora  lutea  at  the  base  of  the  ovarioles  and  no 
food  reserve.  The  second,  smaller  activity  peak  which  occurred 
each  year  in  early  July  at  both  Rossdhu  and  the  Ross  Peninsula 
was  due  to  the  activity  of  the  adults  of  the  new  generation  (fig.  1). 
Teneral  animals  first  appeared  at  the  end  of  May  at  the  Ross 
Peninsula  thus  the  cycle  from  egg  to  adult  was  completed  in  about 
five  weeks. 

From  the  middle  of  .July  only  spent  beetles  and  tenerals  were 
caught  (Table  1).  They  rapidly  built  up  enormous  fat  reserves 
and  by  the  end  of  July  activity  ceased.  Very  few  animals  were 
caught  in  August  and  the  occasional  beetle  caught  in  early 
September  was  a  teneral  adult.  Large  numbers  were  taken  during 
August  and  September,  1964,  at  the  Ross  Peninsula,  aestivating 
under  the  bark  of  fallen  logs.  These  were  mainly  adults  of  the 
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new  generation,  of  both  sexes,  with  their  abdominal  cavities  filled 
with  fat.  In  October  there  was  an  increase  in  activity  and  a  large 
number  of  teneral  adults  were  caught  until  early  November.  They 
then  rapidly  built  up  reserves  of  fat  before  going  into  hibernation. 
Some  spent  animals  containing  large  amounts  of  fat  were  also 
caught  in  autumn,  suggesting  that  the  adults  which  were  in 
aestivation  during  August  become  active  and  replenish  their  fat 
reserves  before  winter ;  all  the  non- teneral  beetles  caught  in 
autumn  had  small  gonads  and  varying  amounts  of  fat  except  one 
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pIG  2. — Total  number  of  male  and  female  Feronia  oblong  opunctata  caught 
each  month  during  1964  at  Hossdhu  and  on  the  Ross  Peninsula. 
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which  contained  a  mature  egg  (Table  1).  Van  der  Drift  (1959) 
caught  some  specimens  of  Feronia  oblongopunctata  with  mature 
eggs  in  autumn. 

From  November  until  the  following  April  no  beetles  were 
caught  either  in  traps  or  in  the  litter.  They  hibernated  only  under 
the  bark  of  fallen  trees  and  logs,  in  neat  symmetrical  ceils 
excavated  in  the  wood ;  every  log  in  the  vicinity  contained  a  large 
number  of  hibernating  adults.  Usually  there  was  one  beetle  per 
cell,  occasionally  two,  but  never  in  physical  contact. 

Examination  of  the  catches  of  Feronia  oblongopunctata  in 
pitfall  traps  showed  there  was  no  difference  in  the  activity  of  the 
sexes  during  the  year  (fig.  2)  and  further  examination  of  beetles 
taken  from  their  hibernation  sites  confirmed  that  there  were  equal 
numbers  of  males  and  females  in  the  population. 

Fecundity  and  Rate  of  Development 

A  total  number  of  355  eggs  were  laid  at  a  mean  rate  of  0-8  ±0-07 
eggs  per  day  by  18  female  Feronia  oblongopunctata  collected  in 
the  field  at  the  beginning  of  the  breeding  season  and  kept  in  an 
open-sided  insectary.  Both  the  total  number  of  females  laying 
eggs  each  day  and  the  number  of  eggs  laid  by  each  female  increased 
to  reach  a  peak  on  the  8th  day  (fig.  3).  Egg  laying  stopped 
after  20  days  and  all  the  beetles  were  dissected  and  found  to  be 
spent. 

The  eggs  began  to  hatch  only  2  days  after  they  were  laid,  the 
majority  on  the  6th  or  7th  day;  all  hatched  within  9  days.  Over¬ 
all,  32%  of  the  eggs  hatched  (Table  2),  but  as  in  the  case  of  Nebria 
brevicollis  (Penney,  1965)  this  figure  may  be  too  low  as  the  young 
larvae  are  very  cannibalistic  and  it  is  likely  that  some  were  eaten 
before  the  numbers  were  recorded. 


Table  2 

Number  of  days  taken  by  the  eggs  of  Feronia  oblongopunctata  to  hatch 
and  the  number  of  eggs  hatched  successfully 


Date  on 
which  Eggs 
were  laid 

No.  of 
Eggs 

No.  of 
Eggs 
Hatched 

% 

Successful 

Hatch 

Time  taken  by  eggs  to  hatch 
(Days) 

123456789 

20  May  1964 

10 

5 

50 

0 

0 

0 

0 

0 

0 

5 

0 

0 

21  May 

5 

3 

60 

0 

0 

0 

0 

0 

0 

3 

0 

0 

22  May 

42 

18 

43 

0 

0 

0 

0 

0 

13 

4 

1 

0 

23  May 

36 

10 

28 

0 

0 

0 

0 

0 

8 

2 

0 

0 

24  May 

62 

18 

29 

0 

0 

0 

0 

2 

7 

7 

2 

0 

26  May 

56 

8 

14 

0 

0 

0 

0 

0 

7 

1 

0 

0 

27  May 

50 

12 

24 

0 

0 

0 

0 

4 

7 

0 

0 

1 

28  May 

21 

9 

43 

0 

0 

0 

2 

1 

2 

1 

3 

0 

29  May 

21 

10 

48 

0 

0 

2 

0 

1 

0 

4 

3 

0 

1  June 

25 

9 

36 

0 

0 

0 

1 

0 

0 

6 

1 

1 

2  June 

11 

6 

55 

0 

1 

1 

1 

0 

1 

2 

0 

0 

Total 

339 

108 

32 

0 

1 

3 

4 

8 

45 

35 

10 

2 

The  first  instar  larvae  were  very  active  and  escaped  when 
stimulated  by  running  backwards.  Of  the  108  first  instar  larvae 
hatched,  34  (32%)  moulted  successfully  to  the  second  instar  be- 


1967  J 


135 


(q)  s8§3  pibt  qoiq/w  saieuiaj  jo  -on 


00 


O 


CD  04 


04 


JZ 


> 

C6 

Q 


(B)  ABQ  J8d  0|BIU0 J  J0d  P!BT  S883  JO  *0M 


Fig.  3. — The  changes  in  (a)  the  number  of  eggs  laid  per  female  per  day 
and  (b)  the  number  of  females  laying  each  day  during  observations  on  18 
Feronia  oblong  opunctat  a  kept  for  20  days  in  an  insectary. 
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tween  4  and  12  days  later,  the  majority  on  the  7th  or  8th  day. 
Of  these,  21  (62%)  moulted  again  after  5  to  11  days,  most  of  them 
on  the  6th  day.  Only  5  (25%)  reached  the  pupal  stage  between 
27  and  35  days  later  and  from  all  of  these  adults  emerged  after 
7  or  8  days. 


Time  of  Activity  of  the  Adult 

A  grid  of  38  traps  was  set  at  Rossdhu  in  an  area  w7here  Feronia 
oblongopunctata  was  abundant  and  they  were  emptied  each 
morning  at  about  10.00  hours  and  each  evening  at  20.00  hours 
between  the  21st  and  the  25th  June,  1963  (Table  3).  Feronia 
oblongopunctata  is  a  metallic  species  and  Tischler  (1955)  found 
that  in  general  metallic  beetles  are  diurnal  and  dull  black  beetles 
nocturnal.  Franzisket  (1964)  studied  the  activity  of  this  species 
by  lifting  his  traps  hourly  between  sunset  at  21.00  hours  and  sun¬ 
rise  at  05.00  hours.  He  caught  80%  of  the  total  catch  in  the  first 
3  hours  after  sunset.  In  Table  3  the  number  of  Nebria  brevicollis 
(F.),  a  nocturnal  species,  caught  were  recorded  for  comparison.  A 
much  larger  number  of  Feronia  oblongopunctata  were  caught  in 
the  period  20.00  hours  to  10.00  hours  suggesting  that  the  time  of 
activity  at  Rossdhu  is  similar  to  that  in  Germany. 


Table  3 

Comparison  of  the  day  and  night  catches  of  Feronia  oblongopunctata  and 

of  Nebria  brevicollis 


No. 

of  F.  oblongopunctata 
captured 

No.  of  N.  brevicollis 
captured 

Date 

Night 

Day 

Night 

Day 

21  June  1963 

12 

1 

50 

0 

22  June 

6 

1 

34 

0 

23  June 

12 

0 

41 

1 

24  June 

8 

0 

34 

1 

25  June 

3 

0 

25 

0 

Total 

41 

2 

184 

2 

Food  of  the  Adult 

Feronia  oblongopunctata  is  known  to  be  a  predator  and  Davies 
(1953)  reported  finding  fungal  spores  and  opiliones  in  one  crop 
which  he  examined.  During  1963,  between  April  and  October,  86 
crops  were  examined.  The  prey  is  torn  into  fairly  large  pieces 
which  can  often  be  recognised;  fragments,  mainly  of  micro¬ 
arthropods,  were  of  animals  between  0-5  mm.  and  4  mm.  in  length 
with  occasional  fragments  of  Diptera  up  to  10  mm.  long.  Diptera 
were  identified  from  fragments  of  cuticle  with  hairs,  wings,  com¬ 
pound  eyes,  legs,  claws  and  antennae.  Where  there  were  com¬ 
pound  eye  fragments  with  few  fairly  large  facets,  simple  double 
tarsal  claws  or  long  slender  antennae,  the  Diptera  could  be  further 
classified  as  nematoceran.  Compound  eyes  with  two  sizes  or  a 
large  number  of  facets,  claws  with  pulvilli  and  short  characteristic 
antennae  also  occurred  in  crops  and  were  classified  as  cyclorrha- 
phan  remains.  Careful  examination  was  necessary  to  get  a  true 
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indication  of  the  importance  of  Collembola  in  the  diet.  The 
fragments,  almost  transparent  or  bluish  in  colour  were  recognised 
from  warts,  hairs  or  scales  on  the  cuticle,  leg  and  claw  fragments 
or  from  mucrones  or  furculas.  Mites  and  spiders  were  identified 
from  fragments  of  legs  and  mouthparts.  The  percentage  number 
of  crops  each  month  containing  the  above  fragments  is  shown  in 
Table  4.  Overall  Diptera  formed  42%  of  the  total  food,  8%  of 
which  were  Cyclorrhapha  and  34%  Nematocera;  mites  formed 
31%,  Collembola  25%,  and  spiders  the  remaining  2%. 

Table  4 

The  Results  of  the  examination  of  86  crops  of  the  adult 
Feronia  oblong opunctata 

Number  of  %  No.  of  crops  containing  fragments  of : 

crops  Total 


Date 

examined 

Collembola 

Mites 

Diptera 

Spiders 

A.pril 

1963 

14 

40 

20 

40 

0 

100 

May 

1963 

38 

23 

37 

37 

3 

100 

Tune 

1963 

10 

25 

25 

50 

0 

100 

July 

1963 

10 

0 

33 

67 

0 

100 

Dctober  1963 

14 

0 

25 

75 

0 

100 

86 

24 

31 

43 

2 

100 

Discussion 

In  comparing  the  results  of  the  above  study  on  the  activity 
and  life  history  of  Feronia  oblongopunctata  with  the  only  informa¬ 
tion  which  is  available  from  another  region,  that  of  Van  der  Drift 
(1959)  from  oak  and  pinewoods  in  the  Netherlands,  certain 
differences  emerge.  Firstly  due  to  the  later  spring  in  Scotland 
the  adults  remain  in  hibernation  for  four  weeks  longer  than  in  the 
Netherlands.  There  also  seems  to  be  a  distinct  difference  in  the 
time  taken  to  complete  the  life  cycle;  Van  der  Drift  states  that 
the  reproductive  period  extends,  as  in  Scotland,  from  spring  to 
mid-summer  but  newly  emerged  adults  do  not  occur  until  autumn 
in  contrast  to  the  appearance  of  teneral  adults  at  Rossdhu  only 
4  weeks  after  the  first  female  containing  mature  eggs  was  caught. 
The  rapid  completion  of  the  life  cycle  was  confirmed  by  breeding 
experiments;  in  the  insectary  the  eggs  started  hatching  only  2 
days  after  they  were  laid  and  the  complete  cycle  from  egg  to  adult 
was  completed  in  6^  weeks. 

Despite  the  rapid  appearance  of  the  first  tenerals,  they  con¬ 
tinued  to  appear  over  a  period  of  5  months,  the  majority  in  June 
and  early  July  with  a  second  peak  in  autumn.  As  in  the  Nether¬ 
lands,  very  few  specimens,  either  spent  or  tenerals,  were  caught 
during  August.  During  this  month  large  numbers  of  adults  were 
collected  aestivating  under  the  bark  of  fallen  logs,  their  bodies  full 
of  fat.  This  situation  presents  an  interesting  parallel  with  the 
results  of  the  activity  studies  of  another  Carabid,  Nebria  brevicollis 
(Penney,  1966).  The  latter  species  is  also  inactive  during  August 
and  it  is  suggested  that  this  is  an  unfavourable  month  due  to  food 
shortage.  Both  species  eat  microarthropods  of  the  same  type  and 
size. 
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During  September  and  October  there  is  an  increase  in  activity 
of  the  population  due  to  the  re-emergence  of  the  adults  from  their 
aestivation  sites  presumably  to  renew  their  food  reserves  before 
the  onset  of  winter  and  to  the  appearance  of  tenerals  which  have 
spent  an  extended  period  in  their  pupal  cells.  There  is  total 
inactivity  from  November  until  the  following  April  and  since  this 
period  of  four  months  in  winter  plus  one  month  in  summer  is 
spent  in  specialised  sites  under  the  bark  of  logs,  it  seems  possible 
that  the  availability  of  such  sites  may  be  a  factor  in  restricting  this 
species  to  woodland. 
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Summary 

1.  Feronia  oblong opunctata  is  a  spring  breeder  and  the  life  cycle 
can  be  completed  in  5  weeks.  The  majority  of  the  adults  of 
the  new  generation  emerge  in  June  and  July  although  there 
is  an  extended  period  of  emergence  lasting  throughout  the 
summer  with  a  second  smaller  peak  in  autumn. 

2.  Both  spent  beetles  and  tenerals  rapidly  build  up  enormous  fat 
reserves  in  the  body  cavity  in  preparation  for  a  period  of 
aestivation  during  August. 

3.  From  November  until  the  following  April  there  was  no 
activity  in  the  population.  Beetles  dissected  early  in  hiber¬ 
nation  were  full  of  fat.  The  hibernacula  were  neat  symmetrical 
cells  under  the  bark  of  fallen  logs. 

4.  There  was  found  to  be  no  difference  in  the  activity  of  the 
sexes  and  the  sex  ratio  was  1:1.  Individuals  were  more  active 
between  20.00  hours  and  10.00  hours  than  between  10.00  and 
20.00  hours. 

5.  The  breeding  life  of  a  female  was  14  days  with  eggs  laid  at  a 
rate  of  0-8  per  day.  The  eggs  were  reared  through  to  the 
adult  stage  and  observations  were  made  on  the  time  spent  in 
each  stage. 

6.  The  adult  Feronia  oblong  opunctata  eats  small  micro¬ 
arthropods  and  it  was  assessed  from  the  analysis  of  crop 
contents  that  Diptera  formed  42%  of  the  food  taken,  mites 
31%,  Collembola  25%,  and  spiders  2%. 
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